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WHAT IS CLAIMED IS : 

1. An expression vector comprising: 

(a) a coding region with nucleic acids coding 
for a peptide product coupled in reading frame 3 ' of 
nucleic acids coding 1 or a signal peptide; and 

(b) a control region linked operably with the 
coding region, said control region comprising a plurality 
of promoters and at least one ribosome binding site, 
wherein at least one o|p said promoters is tac. 



2. The vector of claim 1, comprising a 
plurality of transcriptlion cassettes, each cassette 
having said control region and said coding region. 

3. The vector^ of claim 1, further comprising 
nucleic acids coding f or[ repressor peptide capable of 
repressing expression cototfcolled by at least one of said 
promoters . 

4. The vectgaf o$ claim 3, wherein the nucleic 
acids coding for the repressor encode a lac repressor* 

5. The vector on claim 1, wherein said control 
region has exactly two promoters. 

6. The vector of claim 1, wherein said tac 
promoter is 5' of another prqmoter in said control 
region. 



7- The vector of claim 1, wherein the control 
region comprises both a tac promoter and a lac promoter. 
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8. The vector of claim 7, wherein the lac 
promoter is 3' of theltac promoter* 

9. The vector of claim 1, wherein said nucleic 
acids coding for the signal peptide encode a signal 
peptide for secreted bacterial proteins. 

10. The vector of claim 9, wherein said signal 
is OmpA signal peptide. 

11. The vectol of claim 1, wherein said 
peptide product has a molpcular weight of less than 
10 KDa. 



12. The vector 
terminal amino acid of sai 



.aim 1, wherein the C- 
3tide product is glycine. 



13. The vectdr of\VQia*rft 12, wherein said 
peptide product is salmon calcitonin precursor- 



14. The vector of dlaim 12, wherein said 
peptide product is calcitonin qene related peptide 
precursor. 

15. The vector of cladm 12, wherein said 
peptide product is selected from\the group consisting of 
parathyroid hormone, the first 3 4\ amino acids of 
parathyroid hormone, and a 35 amino acid peptide having a 
Oterminal glycine in position 35 fend the first 34 amino 
acids of parathyroid hormone in positions 1-34. 



t 
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ia* The vector of claim 1, further comprising 
nucleic acid^ coding for at least one secretion enhancing 
peptide, 

17. \ The vector of claim 16, wherein the 
secretion enhancing peptide is selected from the group 
consisting of fecY and prlA-4. 

18. ffhe vector of claim 16, wherein the 
secretion enhancing peptide is secE. 

19. Tne vector of claim 16, wherein a 
plurality of secretion enhancing peptides are encoded, at 
least one of which is secE and the other of which is 
selected from the broup consisting of secY and prlA-4. 

20. A ho$c /cell transformed or transfected 
with the vector of/c^&im 1, 

21. A Kost\cell transformed or transfected 
with the vector of clapn 16. 

22. The host\cell of claim 20, wherein said 
host cell is a bacterial\cell* 

23. The host ceLLl of claim 22, wherein said 
bacterial cell is a gram negative bacterial cell. 

24. The host cell\of claim 22, wherein said 
bacterial cell is E. coli. 

25. The host cell oi\ claim 24, wherein said E. 
coli is strain BLR. 
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26. v The host cell of claim 24, wherein said E. 
coli is strain\BL21. 

27. Hie host cell of claim 24, wherein said E* 
coli is strain W4837. 

28. Th$ host cell of claim 22, wherein said 
host cell further \expresses at least one secretion- 
enhancing peptide. 

29. The kost cell of claim 28, wherein the 
secretion enhancing peptide is selected from the group 
consisting of secY amd prlA-4. 

30. The host cell of claim 28, wherein the 
secretion enhancing peptide is secE. 

31. The host\cell of claim 28, wherein a 
plurality of secretion enhancing peptides are encoded, at 
least one of which is jse#E? anja the other of which is 
selected from the grgdp/d^pitsisting of secY and prlA-4. 



32. An E. coli tost containing and expressing 
an expression vector which \comprises a plurality of 
transcription cassettes in ^andem, each cassette 
comprising: 

(a) a coding regioA comprising nucleic acids 
coding for a peptide product ioupled in reading frame 3' 
of nucleic acids coding for a signal peptide; and 

(b) a control region uinked operably with the 
coding region, said control region comprising a plurality 
of promoters in tandem and at least one ribosome binding 
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site, wherein at\ least one of said promoters is selected 
from the group cdtasisting of tac and lac. 

33. Th< 
region comprises 
promoter . 

34. Thai host of claim 32, wherein said vector 
has exactly two transcription cassettes in tandem. 

35. A hokt cell transformed with an expression 
vector which comprises a gene for expressing salmon 
calcitonin precursor, said host cell being E. coll strain 
BLR. I 

36. A hosA cfell transformed with an expression 
vector which comprisdp a ygene for expressing calcitonin 
gene related peptid/ jprefcursor , said host being E. coll 
strain BLR- / l/j 

37. A Aelfhoffl Vf_„E^d^ c ing a peptide product 
which comprises culturikig the host cell of claim 20 in a 
culture medium and then\ recovering the peptide product 
from the medium in which the host cell has been cultured. 

38. The method of claim 37 wherein peptide 
product yield exceeds 10o\mg per liter of media. 

39. A method of \ producing a peptide product 
which comprises culturing the host cell of claim 21 in a 
culture medium and then recovering the peptide product 
from the medium in which the\host cell has been cultured. 
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40. (\ A method of producing a peptide product 
which comprised culturing the host cell of claim 35 in a 
culture medium and then recovering the peptide product 
from the medium \in which the host cell has been cultured. 

41. TH&a method of claim 37, wherein the 
peptide product i^ salmon calcitonin precursor, 

42. The Ymethod of claim 37, wherein the 
peptide product is Calcitonin gene related peptide 
precursor. 



43. The vefctpa^ of claim 1, wherein said 
peptide product is seJectfed from the group consisting of 
parathyroid hormone /tme fiarst 34 amino acids of 
parathyroid hormone^ anci J5 amino acid peptide having a C- 
terminal glycine in posjrcion 35 and the first 34 amino 
acids of parathyroid h/imone in positions 1-34. 



44. T^e jn£thod N te£-<elaim 38, wherein a method 
of induction is started prior to stationary phase. 

45. The method on claim 44 , wherein the 
induction method is by addition of a chemical inducer* 

46. The method of claim 45, wherein the 
induction is by addition of at Mast one inducer selected 
from the group consisting of IPTa and lactose. 



47. A method of producii^ a peptide product 
which comprises the steps of: 

(a) culturing host cells o A claim 20 in a 
culture medium in the presence of a carbon source and 
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inducing the expression of the peptide product, while 
controlling growth of Isaid host cells at a growth rate 
between 0.05 and 0.20 Idoublings per hour; and 

(b) thereafter recovering said peptide product 
from the medium. 



10 



48. The method of claim 47, wherein a 
membrane-permeabilizingl amount of glycine is present in 
the medium during at le^st a portion of said controlled 
growth . 



!ight 



49. The metho 
and carbon source are ad 
in amounts such that th 
the carbon source adde<y iijf any o 
more than 50% from the 
fermentation period. 



claim 47, wherein an inducer 
during each hour of culturing 
ratio of the inducer to 
hour does not vary by 
during the entire 



50. The method or claim 47, wherein no 
external carbon source is introduced into the medium 
until carbon source initiallW present in said medium is 
depleted to a level at which! it could not continue to 
support the life of said hosti absent introduction of 
external carbon source into the medium, and wherein 
carbon source is thereafter added at a rate which 
maintains said growth rate between 0.05 and 0.20 
doublings per hour. 

51. The method of claim 47, wherein the host 
cell is cultured for a period between 20 and 3 2 hours 
post induction. 
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52. The Npethod of claim 47, wherein the host 
cell is cultured f oA a period between 24 and 27 hours 
post induction. 

53. The method of claim 47, wherein the host 
cell is cultured at a temperature between 2 0 and 3 5 °C. 

54. The method of claim 47, wherein the host 
cell is cultured at a tsmperature between 2 8 and 3 2 °C. 



55. The method of claim 47, wherein the host 
cell is cultured at a temperature between 29.5 and 
30.5°C. 



56. The method 
the culture medium is be^ 

57. The methr 
the culture medium is be 



cflaim 47, wherein the pH of 
^6 . 0 /and 7.5. 

"claim 47, wherein the pH of 
6.78 and 6.85. 



58. The method of claim 47, wherein the pH of 
the culture medium is between \6. 6 and 7.0. 

59. The method of claim 47, wherein oxygen 
saturation of the culture medium is at least 2 0%. 

60. The method of claim 47, wherein oxygen 
saturation of the culture medium Vis at least 50%. 



61. The method of claim\47, wherein the oxygen 
saturation of the culture medium is at least 8 0%. 
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62. The method of claim 46, wherein the 
average cell growth rate during the culture period is 
maintained between 0.10 and 0.15 doublings per hour. 

63. The method of claim 55, wherein the growth 
rate is maintained at ajbout 0.13 doublings per hour. 

64. The method of claim 49, wherein the. carbon 
source is glycerol. 



65. The methdd of claim 37, wherein said 
peptide product is salmoh calcitonin precursor. 

66. The method of claim 37, wherein said 
peptide product is calcitonin gene related peptide 
precursor . 



67. The metho 
peptide product is sel^ 
parathyroid hormone, 
parathyroid hormone 
terminal glycine in 



37, wherein said 
he group consisting of 
Lrst/34 amino acids of 
mino acid peptide having a C- 
itiofo 35 and the first 34 amino 



acids of parathyroid hormone in positions 1-34. 

68. The method of \claim 47, wherein induction 
is achieved by use of a chemical inducer. 

69. The method of claim 58, wherein the 
inducer is at least one agent selected from the group 
consisting of lactose and IPTG. 

70. The method of cla^p 37, wherein recovering 
said peptide product comprises: 
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(a) separating host cells from the culture 

medium; and \ 

(b) subjecting the medium to reverse-phase 
liquid chromatography Wid recovering fractions containing 
peptide product; and \ 

(c) subjecting said fractions of step (b) to 
cation exchange chromatography, and 

(d) thereafter recovering fractions containing 

peptide product. \ 

71. The method of claim 39, wherein recovering 
said peptide product comprises: 

(a) separating Host cells from the culture 

medium; and \ 

(b) subjecting the medium to reverse-phase 
liquid chromatography and Jfecovering fractions containing 

peptide product; and / \ \ / 

(c) subjecting saiWftact^ons of step (b) to 
cation exchange chromatography , a?id 

(d) thereafter ttco&grinq fractions containing 

peptide product. ( / \ 

72- The method of claim 47, wherein recovering 
said peptide product comprises :\ 

(a) separating host cAlls from the culture 

medium; and \ 

(b) subjecting the mediYun to reverse-phase 
liquid chromatography and recovering fractions containing 
peptide product; and \ 

(c) subjecting said fractions of step (b) to 
cation exchange chromatography, and\ 

(d) thereafter recovering fractions containing 

peptide product. \ 



- 68 - 



73. \ The method of claim 37, wherein recovering 
said peptide product comprises: 

(a) Separating host cells from the culture 
medium; and \ 

5 (b) subjecting .the medium to cation exchange 

chromatography aftd recovering fractions containing said 
peptide product; and 

(c) subjecting the recovered fraction of step 
(b) to reverse-phaWe liquid chromatography and recovering 
10 fractions containing peptide product; 

p (d) subjecting the recovered fractions of step 

f\ (c) to cation exchange chromatography, and 

□I (e) thereafter recovering fractions containing 

U peptide product. \ 

yj 74. The method of claim, 39, wherein recovering 

1% said peptide product comj^rises: / 

ill (a) separating j/o,st c^lls from the culture 

!rf medium; and / \L^s 

i^i;. 5 (b) subjecting the medium to cation exchange 

chromatography and (c^covAring fractions containing said 
peptide product; and \ 

(c) subjecting the recovered fraction of step 

(b) to reverse-phase liquid chromatography and recovering 
10 fractions containing peptide product; 

(d) subjecting tha recovered fractions of step 

(c) to cation exchange chromatography, and 

(e) thereafter recovering fractions containing 
peptide product. \ 

75. The method of claim 47, wherein recovering 
said peptide product comprises: \ 
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(a) separating host cells from the culture 
medium; and \ 

(b) subjecting the medium to cation exchange 
chromatography and recovering fractions containing said 
peptide product; and 1 

(c) subjecting the recovered fraction of step 

(b) to reverse-phase liquid chromatography and recovering 
fractions containing peptide product; and 

(d) subjecting the recovered fractions of step 

(c) to cation exchange chromatography, and 

(e) thereafter recovering fractions containing 
peptide product. 

76. The methlod of claim 70 , wherein the 
peptide product has at tLeast one cysteine in its 
molecular structure and! wherein at least one sulfhydryl 
group of a cysteine of tthe/peptide product is sulfonated 
during at least a portioto* of said/method of recovering 
peptide product. 



77. The method! of claim 71, wherein the 
peptide product has at le&st one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine of the\ peptide product is sulfonated 
during at least a portion qf said method of recovering 
peptide product. 



78. The method of \ claim 72, wherein the 
peptide product has at least \one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine of the peptide product is sulfonated 
during at least a portion of s^id method of recovering 
peptide product- 
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79 A The method of claim 73, wherein the 
peptide produfct has at least one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine of the peptide product is sulfonated 
during at least\ a portion of said method of recovering 
peptide product, 

80, TWe method of claim 74, wherein the, 
peptide product hdks at least one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine\of the peptide product is sulfonated 
during at least a paction of said method of recovering 
peptide product. 



4 c 



81 • The menhod of claim 75, wherein the 
peptide product has a t\ least one cysteine in its 
molecular structure and\ yhefcein at least one sulfhydryl 



group of a cysteine of yttfie 
during at least a portyioJ 
peptide product. 



^ptide product is sulfonated 
said 5*ethod of recovering 



82. The method 6f claim 72, further comprising 
altering the pH of the culture medium, immediately after 
terminating fermentation, to\a level where proteolytic 
degradation of product is reduced. 

83. The method of claim 82, wherein salmon 
calcitonin precursor is the peptYde product and pH is 
adjusted to between 2.5 and 4.0. 



84. The method of claim \^3, wherein the pH is 
adjusted to between 3 and 3.5. 
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85, The method 
lowering the temperatur 
10 °C after fermentatio 



^ ^ ( p^y r 86 * A\ method of producing an amidated peptide 
proddct comprising the steps of: 

(a) culuuring the host cell of claim 20 in a 
culture medium whepein the peptide product includes a C- 
terminal glycine; 

(b) recovering said peptide product from said 
culture medium; and^ 

(c) converging said peptide product to an 
amidated peptide by converting said C-terminal glycine to 
an amino group. 




claim 82, further comprising 
the culture medium to below 
terminated. 



87. A method of producing an amidated peptide 
product comprising the steps of: 

(a) culturing n:he host cell of claim 35 in a 
culture medium wherein tf^e peptide product includes a C- 
terminal glycine; 

(b) recovering s^id peptide product from said 
culture medium; and 

(c) converting said peptide product to an 
amidated peptide by converting said C-terminal glycine to 
an amino group. 



88. 



comprising: 



A method of producing an amidated peptide 

(a) culturing ho^rLells which express a 
peptide product having a yC-te^irial glycine together with 
an N-terminal signal peplpid^ under conditions wherein 
growth of said host cells^is\controlled to stay within a 
range of 0.05 to 0.20 doublings per hour; wherein the 
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culture is induced curing some of the period of said 
controlled growth; 

(b) recovering said peptide product from the 
culture media; and 

(c) converting said peptide product to an 
amidated peptide by Converting said oterminal glycine to 
an amino group. 



89. The method of claim 83, wherein the host 
cell is cultured in a 1 culture medium in the presence of 
an inducer, while maintaining an average cell growth rate 



during culturing betwejj 
hour. 



.05 and 0.20 doublings per 



90. The m£6hi>d of claim 84, wherein the host 
cell is cultured in a culture medium in the presence of 
an inducer, while maintaining an average cell growth rate 
during culturing between! 0.05 and 0.20 doublings per 
hour* 



91. The method of claim 86, wherein the 
peptide product is salmon calcitonin precursor or 
calcitonin gene related peptide precursor. 

92. The method of claim 87,. wherein the 
peptide product is salmon calcitonin precursor or 
calcitonin gene related peptide precursor. 

93. The method of claim 86, wherein said 
conversion to amidated peptide is accomplished by: 

(a) forming a reaction mixture by contacting 
said peptide product with oxygen and a reducing agent in 
5 the presence of peptidyl glycine a-amidating 
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monooxygenase, or peptidyl glycine a-hydroxylating 
monooxygenase ; 

(b) if peptidyl glycine a-amidating 
monooxygenase is not used in step (a) , and if the 
reaction mixture is not already basic, then increasing pH 
of the reaction mixture until it is basic; and 

(c) recovering said amidated peptide from said 
reaction mixture. 

94. The method of claim 87, wherein said 
conversion to amidated peptide is accomplished by: 

(a) forming a reaction mixture by contacting 
said peptide product with oxygen and a reducing agent in 
the presence of peptidyl glycine a-amidating 
monooxygenase, or peptidyl glycine a-hydroxylating 
monooxygenase ; 

(b) if peptidyl glycine a-amidating 
monooxygenase is not used in step (a) , and if the 
reaction mixture is not already basic, then increasing pH 
of the reaction mixture until it is basic; and 

(c) recovering said amidated peptide from said 
reaction mixture. 

95. The method of claim 88, wherein said 
conversion to amidated peptide is accomplished by: 



(a) forming a r 
said peptide product with 
the presence of peptidyy ^ 



taction mixture by contacting 
✓fiteygen and a reducing agent in 
fwcine a-amidating 



monooxygenase, or pepti^^^l^cine a-hydroxylating 



monooxygenase ; 

(b) if peptidyl 
monooxygenase is not used 



jlycine a-amidating 

Ln step (a) , and if the 
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reaction mixture isJnot already basic, then increasing pH 
of the reaction m^hire until it is basic; and 

(c) re^fering' said amidated peptide from said 
reaction mixture. | 

96. The method of claim 93, wherein recovering 
amidated peptide comprises at least one of the steps 
selected from the group consisting of cation exchange 
chromatography and reverse phase chromatography. 

97. The method of claim 94, wherein recovering 
amidated peptide comprises at least one of the steps 
selected from the group consisting of cation exchange 
chromatography and reverse phase chromatography, 

98- The method of claim 84, wherein recovering 
amidated peptide comprises at least one of the steps 
selected from the grouA consisting of cation exchange 
chromatography and reverse phase chromatography. 

99. A method Tor direct expression of a 
peptide product into a culfcure medium comprising the 

steps of: Y [ / 

(a) culturing hos& chj<& which express said 
peptide product together wit)/ a signal peptide, in said 
medium, under conditions whertein growth of said host 
cells is controlled to stay within a range of 0.05 to 
0.20 doublings per hour; wherein an inducer is present 
during some of said period of controlled growth; and 

(b) recovering said peptide product from the 
culture medium. 1 
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100. The method /of claim 99, wherein a 
membrane-permeabilizing amount of glycine is present in 
the medium during at 1^%' a portion of said period of 
controlled growth. 

101. The method of claim 99 wherein oxygen 
saturation averages oveJ* 50% in said medium during the 
period of controlled growth. 



